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Roles of Interferon-modulated genes in cell surface expression of Major 
Histocompatibility Complex encoded class I molecules and cell survival in the 
hepatoma cell line, H6 
The cytokine Interferony (IFNy) modulates the expresslon of several genes, ~ncluding 
components of the Major Histocompatibility Complex encoded class I molecules (MHC- 
I) pathway, and plays key roles in immunity IFNy also greatly induces the expresslon of 
the immunoproteasome subunits The hepatoma cell line, H6, which was denved from a 
spontaneous tumor from B 10 A mice and selected for m vztro cell culture, was previously 
used to identify the third ~mmunoproteasome subunit, low molecular mass polypeptide10 
(LmplO) In this study, phenotypic characterrzation of H6 for vanous immunologically 
relevant cell surface molecules revealed that H6 expressed very low levels of MHC-I, 
however, these molecules were highly induced by IFNy As MHC-I are ub~quitously 
expressed on most nucleated cells, upregulation of these molecules is not well studied 
Thus, the first aspect of this study investigated the requ~rements for optimal MHC-I cell 
surface expression As H6 is an excellent IFNy-mducible cell culture model system, the 
second part of the study involved screening for novel IFN modulated genes in H6 and 
studying the functional roles of few key genes 
MHC-I presents endogenously derived peptides to C D ~ *  T lymphocytes and plays 
important roles in immune surveillance Mouse MHC-I are polygenic (H-2K, H-2D, H- 
2L) and are highly polymorphic The surface levels of the MHC-I alleles, ICk and D* were 
studied H6 expressed low basal levels of surface D~ but not JSk Northern and 
immunoprecipaat~on expenments demonstrated that both ICk and Dd were synthesized 
with~n the cell, however no conformed molecules were detected In fact, empty or low 
affinity peptide bound, D* molecules, but not JCk, egressed to the cell surface at 2 2 ' ~  
Furthermore, addition of exogenous peptide and/or ~lmicroglobulin (P2m) stabilized D~ 
surface levels IFNy induced transcription and assembly of both Kk and D* and led to high 
levels of stable cell surface expression Stable MHC-I cell surface expression is 
dependent on key assembly factors, e g Transporter associated with antigen processing 
(Tap), Tapasin and pzm The transcnptional profiles of genes encoding assembly factors 
were studied by semi-quantitative RT-PCR and results demonstrated greatly reduced 
levels of Tap2 in H6 The effect of overexpression of transcnptional factors induced by 
IFNy, Interferon-regulated factor (Irf) 1 and Signal transducer and activator of 
transcription (Stat) 1 on MHC-I surface levels in H6 was studied Irfl, but not Statl, 
induced cell surface expression of K~ and D~ The role of Important assembly factors m 
the MHC-I pathway was investigated further by ectopic overexpression of Tapl, Tap2, 
Tapaszn and P2m, either singly or in comb~nahons Overexpression of p2m enhanced 
surface D~, but not K ~ ,  whereas, overexpression of Tap2 rescued surface K~ but not D~ 
levels Results from transfection studies suggested that for cell surface expression, JSk 
allele has a shngent requirement for Tap transported pepbdes, on the other hand, empty 
D~ or bound to low affinity peptides can egress to the cell surface Unlike most other 
mouse MHC-I alleles, which are expressed at low levels on Tap-deficient cells, a 
functional Tap 1s essenbal for K~ surface expression Tapasin, on one hand, plays a 
quality control role in reducing p2m enhanced D~ levels and Tap2-induced Kk levels, on 
the other hand, it cooperates with Tapl or human pzm in enhanc~ng K~ surface levels in a 
Tap-dependent manner In summary, this part of the study demonstrates distinct 
molecular requirements for opbmal cell surface expression for two mouse MHC class I 
molecules 
IFNs display pleiotropic roles apart from modulahon of anbgen processing and 
presentation IFNy, a type I1 IFN, is a potent immunomodulator and plays important roles 
in host defense The type I IFNs (IFNaIP), on the other hand, display more potent antx- 
viral activity and play addibonal roles dunng the immune response Recent studies have 
demonstrated newer roles of IFNs To idenhfy novel IFN-modulated genes, mouse 15K 
microarray analysis was performed and selected genes were studied using reverse 
transcnpbon-polymerase chain reaction (RT-PCR) Several genes modulated by IFNy 
were growth related e g Inhzbztor of DNA bzndzng 2, Id2 [a basic helix-loop-helix 
transcnptional factor which is Involved in growth and differentiation], proliferatmg cell 
nuclear antigen (PCNA) [a subunit of DNA polymerase61 and phosphoinosit~de 
dependent protein kinase 1 (PDKI) [an enzyme involved in cell survival] This 
observation led to study the effect of IFNy and IFNaIP on cell survival Interestingly, 
IFNy induced cell death whereas IFNaIP increased cell viability after 36 hours of 
treatment Importantly, pretreatment wlth IFNaIP for 12 hours rescued IFNy-induced cell 
death Next, the mechanism of IFNy induced cell death was investigated Transcriptional 
profiling demonstrated IFN-modulation of redox related genes, [znduclble Nztnc oxzde 
synthase (zNOS), Catalase and Heme oxygenasel (Hmoxl)] and transcnptional factors, 
Nuclear respzratory factor (Nufl)l, Nfl and Stat3 Kinetic studies clearly demonstrated 
that IFNy increased reachve oxygen species (ROS) and decreased membrane potential 
The role of oxidative stress dmng cell survival was demonstrated using antl-oxidants, 
e g glutathione and specific inhibitors, e g Diphenylene iodonium (DPI), an inhibitor of 
flavoprotein NADPH oxidase, and N-Methyl L-Arginme (LNMA), an inhibitor of NOS 
Interestingly, either DPI or LNMA blocked IFNy-mediated cell death demonstrating that 
both NO and ROS were requlred for this process Also, pretreatment by IFNaIP reduced 
ROS and rescued the drop in membrane potenbal in IFNy-treated H6 cells Together, 
these results clearly demonstrate distmct gene expression and contrasting roles of IFNy 
and IFNaIP in modulation of oxidative stress and cell survival 
To investigate the role of ROSIN0 in the IFNy-mediated response, MHC-I surface 
expression and transcnptional profiles of IFNy-modulated genes were studied m presence 
of DPI and LNMA Most interestmgly, IFNy-modulated genes were categorized into two 
distinct sets: redox-unresponsive genes e g Tap2, Inducible co-stimulator ligand (Icos-L), 
Lmp 10, N-myc downregulated gene 1 (Ndrl), Rapla, Suppressor of cytokzne szgnalzng I 
(Socsl) and Cd80 and redox-responsive genes e g. zNOS, Hmoxl, Growth arrest and 
DNA damage inducible (GADD45 y), Stat3 and Rala In addition, cell surface analysis 
clearly demonstrated that IFNy-induced MHC-I expression was not significantly 
modulated by oxidative stress Further, selected IFN-modulated genes were classified as 
pnmary responsive (1 e mediated by existing proteinslfactors) or secondary responsive 
(1 e requiring fresh protein synthesis) Also, In sil~co promoter analysis was performed to 
identi@ Gamma IFN activated sites (GAS) and IFN stimulated response elements (ISRE) 
that are present in promoters of IFN-modulated genes Some of the IFN-inducible genes 
identified by this study, e g Id2, Nrf2, Hmoxl and Rala possess either ISRE or GAS or 
both indicating that they are direct targets of the IFN response 
To identify genes that may play h c t ~ o n a l  roles during IFNy-mediated cell death, we 
focused on small GTPase family members Rala and Rapla These belong to the Ras 
superfamily of GTPases and have diverse Eunchons ranging from adhesion, cytoskeletal 
reorganization, tumor development, endocytosis, and oxldahve stress The roles of these 
molecules in IFNy-induced cell death was studied by overexpressing w~ ld  type and 
mutant Rala and Rapla molecules, e g dominant negative (DN) RalN28, RapN17, Rap 
GTPase activating protein I1 (GAP 11) and catalytically active (CA) RapV12, in H6 No 
significant effects on IFNalP-mediated MHC-I cell surface expression and cell surv~val 
was observed on overexpression of different Rala and Rapla constructs Transcnptional 
profiling with the RalaRapla transfectants also displayed modulation of key genes, e g 
Hmoxl, Id2 and GADD45y, in response to IFNy In addition, H6 cells overexpressing 
Rala or Rapla dominant negative mutants displayed reduced reactive oxygen species 
(ROS) after IFNy treatment Finally, overexpression of dominant negatlve Rala or Rapla 
rescued IFNy-mediated cell death These results clearly demonstrate the involvement of 
small GTPase members, Rala and Rap 1 a, in IFNy-mediated oxidative stress and death 
To summarize, transcnptional profiling and flunctional roles of IFN-modulated proteins, 
e g Tap, Tapasln and Pzm, Involved in cell surface expression of MHC-I, ICk and D~, 
were studied In addition, several genes modulated by IFNy and IFNaIP were Identified 
in H6 Finally, a functional link was established between Rala and Rapla and IFNy- 
mediated oxidative stress and cell death The implications of these observations wlth 
respect to the roles of IFNs d u n g  the immune responses are discussed 
